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PREFACE 


The  mixing  of  animal  feeds  involves  two  problems.  First,  the 
manufacturer  or  the  farmer  who  mixes  the  ingredients  must  have  ac- 
curate, specific,  quantitative  information  about  nutritive  requirements. 
Second,  for  the  most  part,  he  wants  to  meet  these  requirements  at  the 
lowest  possible  cost.  To  solve  these  problems,  animal  nutritionists, 
economists,  and  statisticians  must  work  together.  Animal  nutritionists 
must  state  all  the  requirements  in  terms  that  can  be  analyzed  objec- 
tively. They  must  also  provide  information  on  the  chemical  and  nutritive 
content  of  the  large  number  of  ingredients  that  may  be  considered  for  a 
feed  mixture.  Economists  and  statisticians  must  work  together  to 
discover  the  least-cost  mixture  that  will  meet  all  specifications. 

The  economic  problem  involved  here  is  formidable.  In  dealing  with 
a large  number  of  possible  ingredients,  there  maybe  thousands  or  even 
millions  of  combinations  that  would  meet  all  nutritive  requirements. 
Economists  and  statisticians  would  find  it  almost  impossible  to  discover 
all  such  combinations  and  price  them.  Through  long  experience  with 
differing  mixtures  of  ingredients,  feed  manufacturers  can  probably 
come  fairly  close  to  finding  the  least-cost  mixture  by  trial  and  error 
methods.  Yet  probably,  such  methods  are  seldom  successful  in  finding 
the  particular  mixture  of  ingredients  that  provides  the  absolute  mini- 
mum of  cost.  A manufacturer  or  a cooperative  association  handling  a 
large  volume  of  mixed  feeds  is  very  much  concerned  with  cost.  In  fact, 
a large  concern  will  often  find  it  advantageous  to  change  the  feed  mixture 
if  it  can  save  only  a few  cents  a ton. 

Fortunately,  mathematicians  have  recently  found  methods  of  analyz- 
ing problems  of  this  kind,  however  large  they  may  be.  These  methods 
are  now  commonly  called  “linear  programming.’’  The  study  reported 
here  applies  methods  of  linear  programming  to  the  rather  complicated 
problem  of  mixed  feeds.  In  this  instance,  we  are  dealing  with  feeds  for 
broilers.  The  mixture  must  meet  a long  and  detailed  list  of  specifica- 
tions . 

The  study  reported  here  was  of  interest  to  both  the  Agricultural 
Marketing  Service  and  the  Agricultural  Research  Service  of  the  United 
States  Department  of  Agriculture.  Informal  study  was  begun  in  1956. 
Participants  included  Gordon  A.  King,  Malcolm  Clough,  and  Frederick 
V.  Waugh  of  the  Agricultural  Economics  Division,  AMS,  and  Ronald  L. 
Mighell  of  the  Farm  Economics  Research  Division,  ARS.  These  men 
also  worked  closely  with  Dr.  Charles  A.  Denton  and  his  staff  in  the 
Nutrition  Section  of  the  Poultry  Research  Branch  of  ARS  at  Beltsville, 
Md. 

The  poultry  nutrition  specialists  provided  information  and  sources 
of  data  on  feed  requirements  and  composition  of  feedstuffs.  By  the  end 
of  1956,  Mr.  King  had  made  substantial  progress  in  bringing  together 
the  data  needed  for  an  economic  analysis. 

Without  specific  knowledge  of  the  work  being  done  in  the  United 
States  Department  of  Agriculture,  a project  that  covered  the  same 
general  area  was  planned  at  the  Pennsylvania  Agricultural  Experiment 


Station  in  the  fall  of  1956.  When  the  common  interest  became  known 
early  in  1957,  it  was  agreed  that  a joint  research  effort  was  desirable. 
Under  this  joint  project,  the  information  assembled  by  Gordon  A.  King 
was  reviewed  and  revised.  At  several  points,  further  judgment  on 
nutritional  questions  was  needed  in  choosing  between  sources  of  infor- 
mation. Robert  V.  Boucher  assumed  this  responsibility  as  an  active 
participant  in  the  project. 

A linear  programming  model  of  the  feed  problem  was  then  devel- 
oped by  Gordon  King  and  Robert  Hutton,  with  the  assistance  of  Frederick 
V.  Waugh.  This  model  was  checked  against  the  practices  common  in  the 
feed -mixing  trade.  A company  in  Lancaster,  Pa.,  was  particularly 
helpful  in  this  connection. 

The  routine  of  solving  the  problems  and  the  preparation  of  a first 
draft  of  this  report  was  handled  by  Robert  Hutton  in  close  consultation 
wdth  Robert  Boucher.  This  first  draft  was  subsequently  revised  to 
reflect  the  comments  and  criticisms  of  the  many  participants.  Richard 
J,  Foote,  then  of  the  Agricultural  Marketing  Service,  made  a substantial 
contribution  in  reviewing  an  early  draft  of  this  report. 

This  report  was  authorized  for  publication  on  December  4,  1957, 
as  paper  number  2212  in  the  journal  series  of  the  Pennsylvania  Agri- 
cultural Experiment  Station. 
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A LEAST-COST  BROILER  FEED  FORMULA 
Method  of  Derivation 


Robert  F.  Hutton,  Gordon  A.  King,  and  Robert  V,  Boucher^ 


HIGHLIGHTS 

This  report  describes  the  linear  pro- 
gramming model  used  in  deriving  a least- 
cost  broiler-feed  formula  that  will  meet 
each  of  a number  of  stated  specifications. 
The  reasoning  back  of  the  development  and 
application  of  the  formula  is  given. 

The  report  will  be  useful  to  feed  manu- 
facturers, livestock  and  poultry  producers, 
and  all  those  concerned  with  mixing  ingre- 
dients to  produce  economical  rations. 

The  important  nutrient  specifications  of 
broiler  rations  relate  to  levels  of  protein, 
fiber,  productive  energy,  amino  acids,  min- 
erals, vitamins,  and  several  unidentified 
factors.  In  addition,  rations  usually  contain 
small  amounts  of  antibiotics  and  antioxi- 
dants . 

The  text  outlines  a set  of  nutritive  and 
other  specifications  of  broiler  feeds,  in- 
cluding restrictions  as  to  minimum  and 
maximum  amounts  of  the  several  ingre- 
dients that  make  up  the  ration. 

Composition  tables  bring  together  the 
latest  available  information  on  the  nutrient 
composition  of  the  feedstuffs  considered  in 
the  analysis. 

The  detailed  analysis  develops  a solution 
for  a realistic  broiler  feed  problem  under 
actual  price  conditions  for  a given  time  and 
place.  Methods  are  outlined  for  adjusting  the 
formula  to  changes  in  prices,  changes  in 
ration  specifications,  and  changes  in  com- 
position of  ingredients. 

Certain  of  the  specifications  can  be  met 
from  only  one  source;  an  example  of  this  is 
salt.  For  certain  others  the  least-cost 
source  can  be  predetermined.  The  total 
problem  is  simplified  by  adding  the  ingre- 
dients in  these  two  categories  in  fixed 
amounts  and  eliminating  them  from  the  main 
analysis . 


THE  BACKGROUND 

Present-day  broiler  feeds  are  formulated 
with  a complex  set  of  specifications  which 
provides  feed  that  insures  rapid  growth  and 
high  conversion  efficiency.  Comparison  of 
these  feeds  with  those  of  10  years  ago 
indicates  the  increasing  complexity  of  nu- 
tritive and  other  specifications,  and  reflects 
the  advances  made  in  the  field  of  poultry 
nutrition.  Also,  new  ingredients,  such  as 
synthetic  methionine,  have  been  developed, 
and  specifications  for  feeds  can  be  met  by 
a greater  number  of  combinations  of  feed 
ingredients  than  was  previously  possible. 
Therefore,  feed  mixers  have  found  it  in- 
creasingly difficult  to  take  advantage  of 
changes  in  the  prices  of  ingredients  to  meet 
the  specifications  of  a particular  feed  at 
minimum  cost.  The  recently  developed 
techniques  of  linear  programming  are  suited 
to  the  study  of  the  economic  aspects  of  this 
problem,  as  illustrated  in  this  report. 

The  rapid  expansion  of  the  broiler  indus - 
try  is  familiar.  The  number  of  commercial 
broilers  produced  in  1956  was  1 ,345  million, 
as  compared  with  293  million  in  1946  and 
53  million  in  1936.  A large  proportion  of 
these  broilers  are  produced  on  feeds  pre- 
pared by  feed  manufacturer  s , and  production 
of  broiler  feeds  trended  sharply  upward 
during  this  period.  As  feed  costs  account 
for  a large  percentage  of  variable  costs  to 
producers,  finding  a minimum-cost  feed 
that  will  meet  given  specifications  is  a 
continuous  problem.  Broiler  producers  must 
also  decide  what  type  of  feed  will  return  the 
highest  profit  under  varying  prices  for 
both  feed  and  broiler  meat.  This  aspect  of 
the  overall  problem  is  admittedly  important, 
but  it  is  not  considered  in  detail  in  this 
report. 

The  minimum  cost  feed,  as  considered 
here,  is  one  that  will  furnish  at  least 
specified  quantities  of  a list  of  nutritional 
and  other  properties  at  the  lowest  cost  to 


^Asscx:iate  Professor  of  Farm  Management,  Pennsylvania  State  University;  Lecturer,  University  of  California  (formerly  Agri- 
cultural Economic  Statistician,  Agricultural  Marketing  Service,  United  States  Departmentof  Agriculture);  and  Professor  of  Agricultural 
and  Biological  Chemistry,  Pennsylvania  State  University,  respectively. 
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the  buyer  of  the  ration.  Stated  more  spe- 
cifically, the  problem  is  to  find  the  com- 
bination of  feed  ingredients  that  will  meet 
all  of  a predetermined  set  of  specifications 
at  least  cost  with  given  prices.  That  nutri- 
tionists, economists,  and  statisticians  need 
to  cooperate  in  obtaining  practical  results 
from  a linear  programming  solution  to  this 
problem  was  recognized  before  the  problem 
was  formulated.  This  fact  is  emphasized 
throughout  this  report.  Mixing  and  feed- 
appearance  problems  faced  by  mill  opera- 
tors introduce  added  complications,  a few 
of  which  are  included  in  the  present  dis- 
cussion. 

The  report  outlines  the  nutritive  and  other 
specifications  of  broiler  feeds,  the  compo- 
sition of  feed  ingredients,  and  the  restric- 
tions as  to  the  amounts  of  several  of  these 
ingredients  that  can  be  included  in  the  feed. 
The  concept  of  linear  programming  as 
applied  to  the  problem  of  minimum-cost 
feed  formulas  is  outlined,  and  a detailed 
explanation  is  given  of  the  solution  under 
given  price  conditions.  Further,  methods 
are  outlined  for  adapting  the  results  to 
alternative  price  situations,  feed  specifica- 
tions, and  composition  of  ingredients. 

SPECIFICATIONS  OF  BROILER 
FEEDS 

The  important  nutrient  specifications  of 
broiler  feeds  relate  to  the  levels  of  protein, 
fiber,  productive  energy,  amino  acids , min- 
erals, vitamins,  and  several  “unidentified 
factors.*’  Also,  the  level  of  productive 
energy  and  the  protein  content  should  be  in 
balance.  In  addition,  feeds  usually  contain 
small  amounts  of  antibiotics  and  antioxi- 
dants. These  factors  are  included  in  the 
broiler  feeds  at  levels  considered  adequate 
by  poultry  nutritionists  for  so-called  “high 
efficiency*’  broiler  feed.  The  discussion 
that  follows  relates  to  the  specifications  for 
a particular  feed  that  is  the  basis  for  further 
adjustments  presented  in  later  sections  of 
this  report. 

The  minimum  level  of  productive  energy 
is  taken  as  950  calories  per  pound.  The 
ratio  of  productive  energy  (in  calories  per 
pound)  to  the  protein  content  (in  percentage) 
is  allowed  to  vary  from  42:1  to  45:1.  As- 
suming that  the  productive  energy  specifi- 
cation of  950  calories  per  pound  is  just  met 
in  the  solution  to  the  problem,  the  protein 
content  would  have  to  fall  between  21.11 


percent  and  22.62  percent,  the  limits  asso- 
ciated with  the  ratios  of  45:1  and  42:1, 
respectively.  However,  if  the  minimum- 
cost  feed  contained  a productive  energy 
content  of  1,050  calories  per  pound,  for 
example,  then  the  protein  content  would 
need  to  vary  between  the  limits  of  23.33 
percent  and  25.00  percent.  Thus,  the  mini- 
mum protein  content  consistent  with  the 
ratio  and  productive  energy  specifications 
is  21.11  percent.  This  minimum  can  vary, 
however,  depending  on  the  level  of  produc- 
tive energy  that  enters  into  the  minimum - 
cost  solution. 

The  specifications  for  amino  acids  in- 
clude those  for  arginine,  lysine,  methionine, 
methionine  plus  cystine,  and  tryptophan. 
These  requirements  are  adaptedfrom those 
given  on  page  6 of  the  National  Research 
Council  publication  301.^  There  are  at  least 
three  viewpoints  as  to  the  required  minimum 
level  of  the  amino  acids  in  the  event  that 
productive  energy  rises  above  the  minimum 
level.  These  are  that:  (1)  The  stated 
minima  applies  throughout  the  range  of 
variation  in  productive  energy  and  the 
associated  changes  in  total  protein  content; 
(2)  the  ratio  of  each  of  the  amino  acids  to 
the  total  protein  of  the  formula  remains 
constant  throughout  all  changes  in  protein 
level;  or  (3)  each  amino  acid  should  be 
maintained  at  a prescribed  minimum  level 
per  unit  of  productive  energy.  Nutritional 
research  on  this  question  is  inadequate  to 
support  any  firm  position  favoring  one  of 
these  viewpoints  over  the  others.  However, 
there  is  some  evidence  that  the  amount  of 
feed  eaten  by  the  broiler  is  proportional  to 
the  energy  of  the  feed.  Within  the  limit  of 
inherited  capacity,  the  potential  for  growth 
is  proportional  to  energy  intake  and  the 
requirement  for  amino  acids  is  proportional 
to  growth.  This  rather  tenuous  chain  of 
inferences  was  used  in  deciding  on  a con- 
stant ratio  of  each  amino  acid  to  productive 
energy  in  this  problem. 

The  specification  for  fiber  places  a 
maximum  level  of  4 percent  as  acceptable 
for  this  feed. 

The  specification  for  calcium  requires 
that  the  broiler  feed  contain  exactly  1.1 
percent  of  this  mineral.  Similarly,  the 


^National  Research  Council,  Committee  on  Animal  Nutrition, 
Subcommittee  on  Poultry  Nutrition,  Nutrient  Requirements  for 
Domestic  Animals:  1.  Nutrient  Requirements  for  Poultry.  Natl. 
Res.  Counc.  Pub.  301,  27  pp.,  illus.  1954. 
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inorganic  (available)  phosphorus  content 
must  be  exactly  0.45  percent.  Again,  the 
nutritional  evidence  in  support  of  the  exact 
levels  used  in  these  specifications  is  in- 
adequate. It  is  known  that  some  variation 
in  the  level  is  feasible  from  a nutritional 
viewpoint.  It  is  known  also  that  excessive 
intcikes,  as  well  as  deficiencies,  of  minerals 
may  be  harmful.  The  exact  levels  are  used 
here  as  the  simplest  assumption  that  could 
be  made  concerning  requirements  for  these 
minerals.  Later  in  the  report,  a procedure 
to  be  used  in  relaxing  this  assumption  is 
presented. 

The  specification  for  added  salt  is  5 
pounds  per  ton.  A level  of  10  pounds  per 
ton  is  commonly  used,  and  there  is  no  nutri- 


tional evidence  for  choice  of  one  level  over 
the  other. 

In  addition  to  calcium,  phosphorus  and 
salt,  requirements  are  established  for  such 
elements  as  potassium,  manganese,  iodine, 
and  magnesium.  Of  the  latter,  only  iodine 
and  manganese  are  of  concern,  as  the 
required  levels  of  the  others  are  normally 
met  in  feed  mixtures.  The  levels  of  specifi- 
cation of  iodine  and  manganese  are  not  given 
here  as  feed  manufacturers  almost  uni- 
versally meet  these  requirements  by  adding 
a prepared  mineral  supplement. 

The  tabulation  that  follows  summarizes 
the  specifications  for  the  characteristics 
of  the  formula: 


Characteristic 

Level 

Productive  energy  per  pound 

Protein 

Ratio  of  energy  to  protein- 
Nonfiber 

calories 

calorie-- 

percent-- 

per  pound  to  percentage-- 
percent-- 

950  or  more 

21.11  or  more 
42:1  to  45:1 

96  or  more 

1.2  or  more 
.9  or  more 
.48  or  more 
.8  or  more 
. 2 or  more 

1.1  exactly 
.45  exactly 
. 25  exactly 

3.1  or  more 

10.0  or  more 

28.8  or  more 
1440.  or  more 
.6  or  more 

9.6  or  more 

4 or  more 

270  or  more 

432  or  more 

xxLILiwLL  o Cl  1 — 

Vitamins  per  ton: 

Riboflavin 

gram — 

X LLXJ.  0 L/  UHL' XU-  L/  UX w .L  LI 

L/XXUX.X.X1^~  — — — — 

Bi2 

A 

D 

K - 



milligram-- 

million  I.U.-- 

thousand  I.C.U. — 

milligram — 

Some  additional  requirements  for  broiler 
feed,  which  include  the  so-called  “unidenti- 
fied growth  factors,”  are  not  given  in  this 
tabulation.  These  requirements  were  not 
included  because  the  accuracy  with  which 
they  were  established  is  lower  than  that  of 
the  other  characteristics. 

Sources  of  the  “unidentified  factors’*  are 
specified  in  amounts  that  are  considered 
adequate  now.  The  fact  that  they  are  uniden- 
tified indicates  that  the  specifications  should 
be  considered  as  approximations  until  more 


thorough  nutritional  findings  are  completed. 
According  to  a report  of  the  Agricultural  Re- 
search Service,^  these  factors  are  thought 
to  be  present  in  the  following  ingredients: 
Fish  factor- -fishmeal,  fish  solubles,  crab- 
meal,  meat  and  poultry  byproducts,  liver 
preparations,  and  certain  fermentation 
products;  alfalfa  factor- -dehydrated  alfalfa 
leaf  meal,  grass  juice  concentrate,  and 
dried  brewers’  yeast;  and  whey  factor-- 


^ U.S.  Agricultural  Research  Service.  Ingredients  in  the  modern 
BroUer  Diet.  U.S.  Agr.  Res.  Serv.  ARS  22-25,  10  pp.  1956. 
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dried  distillers*  solubles,  dried  distillers* 
molasses  solubles,  dried  brewers*  yeast, 
butyl  fermentation  solubles,  dried  whey 
products,  and  certain  fermentation  prod- 
ucts. The  report  indicates  that  several  other 
factors  are  believed  to  exist,  but  only  lim- 
ited information  concerning  them  is  avail- 
able at  present. 

In  addition  to  the  unidentified  growth 
factors,  most  broiler  feeds  are  formulated 
to  contain  a pigmentation  factor.  This  factor 
in  the  feed  imparts  a yellow  color  to  the 
skin  of  the  dressed  broiler.  Several  recently 
developed  sources  ^oi  this  pigmentation  fac- 
tor include  some  chemicals.  However,  in 
the  feed  formulated  in  the  study  reported 
here,  only  corn  gluten  meal  at  the  3 -percent 
level  was  added  specifically  to  meet  this 
requirement,  although  alfalfa  meal  and 
yellow  cornmeal  also  contribute  to  pigmen- 
tation. The  corn  gluten  meal  produces 
consistently  reliable  results,  and  it  is  in 
general  use  throughout  the  feed  manufac- 
turing trade. 

Small  amounts  of  antibiotics  are  nor- 
mally included  in  a broiler  feed.  The  speci- 
fication for  the  formula  developed  in  the 
study  reported  here  includes  4 grams  of 
penicillin. 

One -tenth  of  a pound  of  3-nitro-4-hy- 
droxyphenylar sonic  acid,  a growth- stimu- 
lating compound,  is  included  in  the  specifi- 
cations of  this  formula. 

An  antioxidant,  B.H.T.,  is  included  at  the 
0.25  pound  per  ton  level.  This  antioxidant 
retards  development  of  rancidity  in  fats, 
particularly  added  fats  such  as  tallow,  and 
lessens  the  loss  during  storage  of  fat- 
soluble  vitamins.  This  ingredient  is  some- 
times omitted  from  broiler  formula  speci- 
fications if  the  period  of  storage  is  to  be 
short. 

Specifications  for  vitamins  include  ribo- 
flavin, pantothenic  acid,  niacin,  choline, 
folic  acid,  and  vitamins  A,  D,  B12* 

The  specifications  were  adapted  from  those 
indicated  in  National  Research  Council 
Publication  301  they  include  a safety  mar- 
gin of  66  percent  for  vitamin  A,  50  percent 
for  vitamin  D,  and  20  percent  for  the 
water-soluble  vitamins  and  vitamin  K. 

Feed  manufacturers  commonly  add  a 
vitamin  supplement  without  close  regard  to 
the  vitamin  content  of  the  feed  ingredients. 


^See  footnote  2,  p.  2. 


This  is  justified  on  the  grounds  that  the 
vitamin  content  of  an  ingredient  varies 
considerably  from  its  average  level  and 
that  the  consequences  of  feeding  a ration 
low  in  vitamin  content  may  be  so  serious 
that  the  risk  is  not  worth  taking.  The  total 
allowances  for  vitamins  given  in  the  tabu- 
lation on  page  3 would  amount  to  less  than 
$3.00  per  ton  of  broiler  feed  when  bought 
as  vitamin  supplements.  Thus,  the  potential 
saving  by  economizing  on  vitamins  is  small 
relative  to  the  loss  in  feed  efficiency  that 
would  attend  a vitamin  deficiency.  On  page 
34  of  the  appendix,  a procedure  is  outlined 
for  use  in  economizing  on  vitamins,  accept- 
ing the  average  values  for  vitamin  content 
of  ingredients.  The  discussion  in  the  main 
body  of  the  report  presumes  the  use  of 
vitamin  supplements. 

Certain  of  the  specifications  listed  in  the 
tabulation  on  page  3 can  be  met  from  only 
one  source.  The  least-cost  source  for  other 
requirements  can  be  predetermined.  The 
analysis  can  be  simplified  by  beginning  with 
the  assumption  that  ingredients  of  this  kind 
are  added  to  the  mix  in  fixed  amounts.  A 
list  of  these  ingredients  and  the  amount  of 
each  added  are  given  in  the  tabulation  on  the 
following  page,  together  with  the  vitamin 
supplements  added.  An  error  made  in  se- 
lecting a source  of  one  of  the  factors  would 
be  revealed  in  the  subsequent  analysis. 

COMPOSITION  OF  FEED  INGREDIENTS 

Table  1 indicates  the  composition  of  im- 
portant ingredients  used  in  broiler  feeds. 
The  list  would  differ  somewhat  for  certain 
regions  of  the  country  and  for  specific  lots 
of  the  indicated  ingredients,  which  vary  to 
some  extent  in  content  of  the  indicated 
nutrients.  In  general,  the  composition  of  the 
byproduct  feeds  is  as  given  in  National 
Research  Council  Publication  449  but,  un- 
less otherwise  indicated,  the  values  for 
productive  energy  content  for  these  feeds 
and  for  the  feed  grains  are  those  given  in 
Titus.®  In  most  instances,  the  composition 
of  the  feed  grains  is  as  given  in  National 
Research  Council  Publication  301.®  Foot- 
notes to  the  table  indicate  partially  the 
difficulty  in  obtaining  comparable  data  on 
these  feeds. 


® National  Research  Council,  Committee  on  Feed  Composition, 
Composition  of  Concentrate  By-Product  Feeding  Stuffs,  Natl. 
Res,  Counc.  Pub.  449,  126  pp.,  1956;  Titus,  H.  W.,  The  Scientific 
Feeding  of  Chickens,  rev.  of  2d  ed.,  with  addendum,  297  pp., 
illus.,  Danville,  111.,  1955. 

®See  footnote  2,  page  2. 
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Item 


Amount 


Salt 

Mineral  supplement 

Corn  gluten  meal 

Dried  corn  distiller's  solubles 

Fish  solubles,  condensed 

Alfalfa  meal,  dehydrated,  17  percent 
3-Nitro-4-hydroxyphenylarsonic  acid- 

B.H.T. 

Fenicillin -- 

Vitamin: 

Riboflavin 

Calcium  pantothenic 

Niacin 

Choline  chloride 

Folic  acid 

K 

Bi2 

A 

D 


pound — 


5.00 


-do 

-do 

-do 

-do 

-do 

-do 

-do 

•gram — 


6.00 

60.00 

80.00 

20.00 

40.00 

.10 

.25 

4.00 


do 

do 

do 

do 

do 

do 

milligram- - 

•--million  I.U.-- 
•million  I.C.U.-- 


4.00 

4.00 

20.00 

500.00 

1.00 
1.00 
6 . 00 
4.00 
1.50 


Weight  of  above  items 


pound- - 


212.58 


Certain  ingredients  that  provide  for  only 
one  or  two  nutritional  specifications  are 
omitted  from  table  1.  These  include  dical- 
cium phosphate,  containing  27  percent  cal- 
cium and  19.07  percent  inorganic  phos- 
phorus; defluorinated  phosphate,  containing 
27.18  percent  of  calcium  and  13.34  percent 
of  inorganic  phosphorous;  calcium  car- 
bonate, containing  36.57  percent  calcium, 
and  synthetic  methionine,  containing  100 
percent  methionine.  As  noted  above,  salt 
and  a trace  mineral  supplement  are  also 
included  as  ingredients  in  the  formula. 


Usually,  vitamins  and  synthetic  methio- 
nine are  added  on  a carrier . Here,  however , 
it  is  assumed  that  these  items  are  available, 
as  straight  materials.  This  assumption  is 
valid  in  general  in  that  the  mixer  has  con- 
siderable latitude  in  specifying  the  car- 
rier. 

Certain  of  the  ingredients  in  table  1 
cannot  be  used  in  unlimited  amounts.  The 
maximum  limits  for  these  restricted  in- 
gredients follow: 


Item 


Maximum  per  ton 


Pounds 


Meat  scrap 

Meat  and  bone  scrap 

Meat  scrap  plus  meat  and  bone  scrap' 
Fish- 


240 

240 

240 


Meal,  Menhaden 

Solubles,  condensed 

Dried- 

Buttermilk — 

Skim  milk 

Whey,  cheese 

Buttermilk  plus  skim  milk  plus  whey  cheese 

Wheat,  red  dog  flour 

Tallow: 

Pelleted  feeds 

Unpelleted  feeds 


300 

100 

200 

200 

200 

200 

200 

60 

160 


Each  of  the  other  ingredients  may  enter  the  formula  in  any  amount  so  long  as  the  speci- 
fications are  met. 
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TABLE  1.— COMPOSITION  OF  INGREDIENTS  OF  BROILER- FEED  FORMULA' 
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SELECTIONOF  LEAST-COST  FORMULA 

A linear  programming  model  of  a broiler 
feed-mixing  problem  was  developed.  This 
model  reflects  the  specifications,  restric- 
tions, and  composition  of  ingredients  pre- 
viously discussed.  Not  all  of  the  relevant 
restrictions  are  taken  directly  into  account 
within  the  model,  but  provision  is  made  for 
handling  all  restrictions  and  specifications. 

This  model  is  a general  one.  That  is,  it 
is  designed  to  be  used  without  structural 
change  for  all  possible  ranges  in  the  price 
of  ingredients.  In  addition,  it  can  be  modi- 
fied readily  to  deal  with  variations  in  re- 
strictions, specifications,  and  composition 
of  ingredients.  (For  details  on  the  model, 
see  appendix,  page  25.) 

To  demonstrate  the  usefulness  of  this 
model,  it  has  been  used  to  develop  a formula. 
The  prices  used  are  presented  in  the  tabu- 
lation on  page  32;  they  were  realistic  for  the 
Philadelphia,  Pa.,  area  around  April  1, 
1957. 

The  least-cost  formula  for  the  given 
specifications  and  the  given  prices  for  in- 
gredients is  presented  in  table  2.  The  cost 
of  this  formula  is  $70.95  per  ton.  Theo- 
retically, with  the  ingredients  and  prices 


used,  it  is  impossible  to  obtain  a less 
expensive  formula  that  will  satisfy  the 
specifications . 

The  nutritional  composition  of  this  for- 
mula, together  with  the  specifications,  are 
presented  in  table  3.  The  cost  of  the  for- 
mula would  have  been  increased  had  the 
specifications  other  than  those  for  vitamins, 
which  are  exceeded,  been  met  exactly. 

DISCUSSION  OF  THE  FORMULA 
SOLUTION 

The  formula  presented  in  table  2 is  some- 
what unusual  according  to  trade  standards. 
It  contains  dried  corn  distillers*  grains 
with  solubles.  This  is  not  a commonly  used 
ingredient  in  broiler  feeds,  and  especially 
not  in  a starter.  Also,  by  trade  standards, 
the  formula  contains  a high  level  of  syn- 
thetic methionine.  One  possible  point  of 
confusion  concerning  the  level  of  synthetic 
methionine  may  benefit  from  discussion. 
That  is,  the  high  level  of  synthetic  methio- 
nine used  is  economical,  even  though  its 
cost  is  in  excess  of  $2.60  per  pound.  If  any 
synthetic  methionine  is  removed  from  the 
formula,  it  must  be  replaced  by  a combina- 
tion of  other  ingredients  and  the  cost  is 
increased. 


TABLE  2. --LEAST- COST  FORMULA  FOR  TON  OF  BROILER  FEED  AT  GIVEN  PRICES^ 


Ingredient 


Soybean  meal,  solvent,  44  percent 

Corn  gluten  meal,  41  percent 

Meat  and  bone  scrap 

Fish  solubles,  condensed 

Dried  corn  distillers'  solubles 

Dried  com  distillers'  grains  with  solubles-- 

Alfalfa  meal,  dehydrated,  17  percent 

Commeal,  yellow 

Calcium,  carbonate 

Salt 

Mineral  supplement 

Methionine 

Vitamins,  3-Nitro-4-hydroxyphenylarsonic  acid 
B.H.T.,  and  penicillin^ 

Total 


Amount  of 
formula 

Percentage 

Cost 

Pounds 

Percent 

Dollars 

345.98 

17..  299 

10.41 

112.22 

5.611 

4.51 

125.46 

6.273 

3.76 

20.00 

1.000 

.92 

80.00 

4.000 

3.94 

199.22 

9.961 

6.30 

40.00 

2.000 

1.62 

1,047.00 

52.350 

30.57 

15.36 

.768 

.10 

5.00 

.250 

.04 

6.00 

.300 

.18 

2.18 

.109 

5.73 

1.58 

.079 

2.87 

2,000.00 

100.000 

70.95 

^ Prices  are  tabulated  on  page  10. 

^ For  amount  of  each  item  included  in  this  group,  refer  to  the  tabulation  on  page  5. 
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Price 


Ingredient 


Soybean  meal: 

Solvent,  44  percent 

Without  hulls,  50  percent 

Corn  gluten  meal,  41  percent 

Meat  scrap 

Meat  and  bone  scrap 

Fish- 

Meal,  Menhaden 

Solubles,  condensed 

Dried- 

Buttermilk — 

Skim  milk 

Whey,  cheese 

Brewers ' yeast 

Corn  distillers ' - 

Solubles 

Grains,  with  solubles 

Alfalfa  meal,  dehydrated,  17  percent 

Commeal,  yellow 

Milo,  maize . 

Wheat: 

Hard  red  winter 

Soft  red  winter 

Standard  middlings 

Red  dog  flour 

Hominy  feed,  yellow 

Oats : 

Excluding  Pacific  Coast 

Feeding,  rolled 

Barley,  excluding  Pacific  Coast 

Tallow 

Bonemeal,  steamed 

Calcium,  carbonate 

Phosphate: 

Dicalcium 

Defluorinated 

Salt 

Mineral  supplement 

Methionine 

Antioxidant  (B.H.T. ) 

3-Nitro-4-liydroxyph9nylarsonic  acid- 

Penicillin 

Vitamin: 



D2 

K 


Calcium  pantothenate^ 

Niacin 

Choline  chloride^ 

Folic  acid 

Riboflavin 


ton — 

-do — 
-do — 
-do-- 
-do — 


Do  Liars 
60.20 
67.20 
80.40 
76.60 
60.00 


do 

do 


150.60 

92.10 


do 

do 

do 

dO' 


325.40 
225 . 20 

123.00 

210.00 


do 

do 

dO' 

do 

do 


98.50 

63.20 

80.80 

58.40 

65.00 


do 

do 

do 

dO' 

dO' 


95.00 

79.80 

55.20 
55.90 

54.20 


dO' 

dO' 

dO' 

dO' 

do 

do 


62.20 

97.60 
56.20 

147.20 

80.00 

13.60 


do-- 

do — 

do-- 

do — 

pound — 

— do 

--do 

-gram — 


86.00 

91.60 

17.40 

60.00 

2.63 

1.28 

4.45 

.07 


•--million  I.U.-- 
■million  I.C.U.-- 
kilogram — 


gram — 

kilogram- - 

do 

do 

do 

do 


.14 

.03 

70.00 

30.00 

32.00 

8.00 

.94 

30.00 

45.00 


^ Vitamin  A concentration  of  250,000  I.U.  per  gram.  ^ Vitamin  D concentration  of 
200,000  I.C.U.  per  gram.  ^ Calcium  salt  of  pantothenic  acid.  This  material  is  assumed  to 
be  equivalent  to  pantothenic  acid,  although  there  is  a slight  difference  in  molecular 
weight.  This  salt  of  choline  is  assumed  to  be  equivalent  to  choline  although  there  is  a 
slight  difference  in  molecular  weight.. 
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TABLE  3. --NUTRITIONAL  COMPOSITION  OF  LEAST- COST  FORMULA  AT  GIVEN  PRICES  COMPARED  WITH  SPECIFICATIONS 

(Percentages  or  units  per  ton) 


1 1 


Any  single  ingredient  at  level  listed  in  specification  or  a linear  combination  of  two  or  more  of  the  ingredients  will 
meet  the  "unknown  growth  factor"  indicated. 

^ 20  pounds  condensed  fish  solubles  meet  the  fish  factor. 

^ 80  pounds  dried  corn  distillers ' solubles  meet  the  whey  factor. 

Possible  vitamin  content  of  feed  ingredients  is  not  included  because  of  the  lack  of  reliable  data  on  analysis. 


ADJUSTMENT  OF  THE  FORMULA  TO 
MEET  ADDITIONAL  SPECIFICATIONS 

The  discussion  of  the  least-cost  feed 
formula  suggests  the  need  for  additional 
specifications.  For  example,  a feed  mixer 
may  wish  to  avoid  use  of  “dried  corn 
distillers’  grains,  with  solubles,’’  in  the 
absence  of  further  proof  of  its  value  in 
broiler  feeds.  Or,  he  may  insist  that  syn- 
thetic methionine  be  held  to  a lower  level 
in  the  absence  of  proof  that  higher  levels 
are  nutritionally  sound. 

Additional  specifications  may  be  needed 
for  other  reasons.  For  example,  the  handling 
properties  of  condensed  fish  solubles  may 
make  them  unsuitable  for  use  by  some 
mixers.  Or,  a limited  supply  of  a certain 
ingredient  may  call  for  restriction  in  its 
use  below  the  least-cost  amount. 

Table  4 was  prepared  to  cover  situations 
similar  to  those  presented  above,  cind 
thereby  to  extend  the  usefulness  of  the 
solution.  Among  other  data  given  in  table  4 
are  the  displacement  rates  between  ingre- 
dients not  in  the  solution  and  those  in  the 
solution.  Refer,  for  illustration,  to  column 
22  of  table  4.  The  upper  or  ingredient  part 
of  this  column  shows  the  changes  that  would 
need  to  be  made  if  1 percent  of  “wheat 
standard  middlings’’  were  added  to  the 
formula.  The  middle  or  nutritional  char- 
acteristic section  of  this  column  shows  the 
changes  in  computed  analysis  that  would 
result  if  1 percent  of  wheat  standard  mid- 
dlings were  added  to  the  formula  and  the 
changes  indicated  in  the  ingredient  section 
of  the  column  were  made.  The  cost  section 
of  the  column  indicates  the  increase  in  cost 
that  would  result  if  1 percent  of  wheat 
standard  middlings  were  added.  The  change 
in  cost  is,  of  course,  specific  to  the  set  of 
prices  used  in  the  problem.  (See  page  10), 
The  changes  in  ingredients  and  nutritional 
characteristics  indicated  in  this  column  are 
equivalent  in  nutritional  terms  to  1 percent 
of  wheat  standard  middlings. 

The  combination  of  adjustments  is  neces - 
sarily  nutritionally  equivalent  only  with 
respect  to  the  characteristics  for  which  the 
specifications  are  given.  It  may  not  be 
equivalent,  for  instance,  for  bulk  or  any 
other  characteristic  that  is  not  considered 
in  the  set  of  specifications  used  for  this 
feed. 


Displacing  an  Ingredient  from  the  Formula 

With  the  information  given  in  table  4 for 
the  various  ingredients,  the  solution  pre- 
sented in  table  2 can  be  adjusted  with  facil- 
ity. For  example,  the  problem  of  displacing 
dried  corn  distillers’  grains  with  solubles 
can  be  attacked.  Column  17  of  table  4 rep- 
resents the  changes  required  to  increase 
the  amount  of  dried  corn  distillers’  grains 
with  solubles.  If  a reduction  is  desired,  all 
that  is  necessary  is  to  change  the  signs  on 
all  the  numbers  given  in  column  17,  Pre- 
suming that  complete  displacement  of  the 
dried  corn  distillers’  grains  with  solubles 
is  desired,  this  would  mean  that  9.9610 
percent  must  be  displaced.  The  product  of 
the  changes  indicated  by  column  17  and 
9.9610  indicate  the  needed  adjustments  for 
the  complete  displacement  of  dried  corn 
distillers’  grains  with  solubles. 

In  following  through  this  adjustment,  an 
immediate  problem  arises.  One  change 
called  for  is  a displacement  of  soybean 
meal  without  hulls.  However,  there  is  no 
soybean  meal  without  hulls  in  the  solution 
given  in  table  2.  This  means  that  this  ad- 
justment cannot  be  made  alone.  Some  other 
change  that  will  increase  the  amount  of 
soybean  meal  without  hulls  must  be  made 
simultaneously  with  the  reduction  in  the 
amount  of  dried  corn  distillers’  grains 
with  solubles. 

Examination  of  table  4 indicates  many 
possible  sources  of  increase  in  amount  of 
soybean  meal  without  hulls.  Altogether,  the 
amount  of  this  ingredient  may  be  increased 
in  23  ways,  using  single  changes  as  pre- 
sented in  table  4.  The  problem  becomes  one 
of  choosing  the  “best’’  way.  At  this  point 
the  best  and  the  least-cost  ways  are  con- 
sidered to  be  synonymous.  If  this  leads  to 
an  unsatisfactory  formula,  some  revision 
may  be  needed. 

The  technique  for  appraising  the  effect 
on  cost  of  the  several  ways  of  increasing 
the  amount  of  soybean  meal  without  hulls 
in  the  formula  is  easy.  All  changes  indi- 
cated by  each  of  the  23  figure  columns  in 
table  4 that  increase  the  amount  of  this 
ingredient  can  be  ignored,  except  the 
changes  in  the  amount  of  soybean  meal 
without  hulls  itself  and  the  changes  in  cost. 
By  dividing  the  latter  by  the  former,  a 
relative  cost  for  the  various  sources  of 
increase  of  soybean  meal  without  hulls  can 
be  obtained.  All  else  being  equal,  the  lowest 
cost  source  is  chosen. 
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Displacement  rates  and  accompanying  changes  per 
feed  from  increasing-- 
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See  Appendix  for  information  on  the  associated  changes  in  vitamin  content  of  formula. 


When  the  divisions  outlined  above  were 
made,  the  lowest  cost  means  of  increasing 
the  amount  of  soybean  meal  without  hulls 
appeared  to  be  the  addition  of  an  inert 
filler.  If  a costless  inert  filler  could  be 
obtained,  the  increase  could  be  brought 
about  at  an  actual  saving  in  cost.  However, 
there  is  no  truly  costless  filler  and  the 
margin  of  saving  probably  would  not  be 
large  enough  to  cover  the  cost  of  a suitable 
filler.  As  the  filler  must  be  free  of  calcium 
and  phosphorus,  a pure  silica  sand  would 
probably  be  the  lowest  cost  filler  in  most 
locations.  The  saving  in  cost  would  not  be 
large  enough  to  cover  the  cost  of  pure 
silica  sand  in  most  areas.  Moreover,  there 
is  resistance  to  the  use  of  inert  materials 
in  feeds  on  the  part  of  farmers,  feed  manu- 
facturers, and  feed  regulatory  authorities.  ^ 
Thus,  cost  considerations  alone  probably 
would  rule  out  the  use  of  a filler  but,  even 
if  it  did  not  do  so,  other  considerations 
would  be  likely  to  eliminate  this  possible 
source  of  increase  in  the  amount  of  soybean 
meal  without  hulls. 

The  ingredient  next  in  order  of  cost  and 
probably  lowest  if  cost  of  filler  is  taken 
into  account  was  found  to  be  wheat  standard 
middlings,  which  is  a satisfactory  ingre- 
dient. The  level  of  entry  of  this  ingredient 
can  be  determined  as  follows.  First  deter- 
mine the  amount  of  soybean  meal  without 
hulls  that  is  displaced  by  reducing  the 
amount  of  dried  corn  distillers’  grains 
with  solubles,  by  9.9610  percent.  This  is 
done  by  multiplying  the  indicated  change  in 
amount  of  soybean  meal  without  hulls  as 
given  in  column  17,  table  4,  by  9,9610, 
Next,  divide  the  quantity  displaced  by  the 
increase  in  amount  of  soybean  meal  without 
hulls  per  each  percentage  point  increase 
in  the  amount  of  wheat  standard  middlings. 
This  is  given  in  column  22,  as  previously 
indicated.  The  quotient  is  the  percentage 
level  of  wheat  standard  middlings  in  the 
formula  from  which  dried  corn  distillers’ 
grains,  with  solubles,  are  completely  dis- 
placed, The  arithmetic  of  this  determination 
is: 

(9,9610  X 0.009793)  ^ 0.047436  = 2.0564 

Thus,  the  least-cost  adjustment  of  the  initial 
formula  for  elimination  of  dried  corn  dis- 
tillers’ grains  with  solubles  is  obtained  by 


^The  present  instance  does  not  make  the  case,  but  presumably 
an  occasion  may  arise  in  which  a true  saving  in  cost  to  the  farmer 
could  be  realized  by  using  inert  filler  in  mixed  feeds. 


multiplying  the  changes  indicated  in  column 
17  by  -9,9610  and  adding  to  these  changes 
those  obtained  by  multiplying  2,0564  by  the 
changes  indicated  in  column  22,  These 
changes  are  summarized  in  table  5,  The 
revised  formula  is  given  in  table  6.  Cost 
of  the  formula  given  in  table  6 is  $0.14 
per  ton  more  than  that  given  in  table  2. 

If  only  partial  displacement  of  dried  corn 
distillers’  grains  with  solubles  had  been 
desired,  the  percentage  of  desired  displace- 
ment would  have  been  used  in  the  adjustment 
instead  of  9.9610.  The  increase  in  cost 
would  have  been  less  by  $0.14  9.9610,  or 

$.014  per  percentage  point  of  dried  corn 
distillers’  grains  with  solubles  left  in  the 
formula. 

It  will  be  noted  that  soybean  meal  without 
hulls  appears  in  neither  the  original  for- 
mula given  in  table  2 nor  in  the  revised 
formula  of  table  6.  The  concern  with  this 
ingredient  in  the  above  operation  was  one 
of  achieving  an  “accounting”  balance  of  the 
items  that  enter  into  the  formula  specifica- 
tion. 

Comparison  of  the  formulas  given  in 
tables  2 and  6 show  that,  in  a sense,  wheat 
standard  middlings  have  taken  the  place  of 
dried  corn  distillers’  grains  with  solubles. 
But  this  is  perhaps  one  of  the  least  impor- 
tant changes.  For  example,  corn  gluten 
meal  more  than  doubled  in  level  of  use 
between  the  formulas  of  tables  2 and  6. 
Also,  the  level  of  yellow  cornmeal  changed 
more  in  absolute  amount  than  did  the  wheat 
standard  middlings.  This  points  up  the  fact 
that  substitutions  between  two  feed  ingre- 
dients are  rarely  simple.  Ordinarily,  all 
other  ingredients  except  those  at  minimum 
or  required  levels  change  in  response  to  a 
change  in  level  of  any  one  ingredient. 

The  change  in  nutritional  composition  of 
the  formula  was  confined  to  those  items  of 
specification  that  were  above  minimum  or 
below  maximum  levels  in  the  original 
formula  of  table  2 (see  table  7).  This  is  a 
general  characteristic  of  changes  of  this 
type.  Later  in  the  report,  changes  in  char- 
acteristics met  exactly  in  the  original 
formula  are  considered. 

Some  ingredients  consideredin  this  prob- 
lem are  not  represented  by  columns  in 
table  4,  Displacement  of  any  of  these  ingre - 
dients  requires  the  use  of  one  or  more  of 
the  ingredients  that  are  represented  by 


18 


columns  in  table  4 which,  if  entered  in  the 
formula,  reduce  the  ingredient  in  question. 

Any  one  of  13  ingredients  other  than 
wheat  standard  middlings  might  have  been 


used  in  making  the  adjustment.  The  change 
in  cost  of  the  formula  if  each  of  these  other 
ingredients  had  been  used,  in  turn,  instead 
of  wheat  standard  middlings  would  have  been 
as  follows; 


Item 

Cost 

Item 

Cost 

DoLL ars 

DoLL ars 

Fish  solubles,  condensed 

.0387 

Red  dog  flour 

.4219 

Dried- 

Hominy  feed,  yellow 

.0055 

Whey,  cheese 

1.5395 

Oats,  feeding,  rolled 

.2004 

Brewers ' yeast 

4.5341 

Barley,  excluding  Pacific  Coast-- 

. 0646 

Alfalfa  meal,  dehydrated. 

Bone  meal,  steamed 

.2400 

17  percent 

.2440 

Phosphate: 

Wheat: 

Dicalcium 

.0726 

Hard  red  winter 

1.8041 

Defluorinated 

.1973 

Soft  red  winter 

.7769 

From  this  list,  it  is  obvious  that  con- 
densed fish  solubles,  yellow  hominy  feed, 
barley,  or  several  other  ingredients  might 
have  been  used  instead  of  wheat  standard 
middlings  at  a small  additional  sacrifice 
in  cost.  This  is  characteristic  of  many 
adjustments  of  this  kind.  No  doubt,  this  is 
why  broiler  feed  formulas  vary  between 
different  areas,  between  mixers,  and 
between  periods  of  time.  Small  changes  in 
cost  or  availability  of  ingredients  result 
in  substantial  changes  in  least-cost 
fo  rmulas. 

The  reduction  of  synthetic  methionine 
follows  the  same  general  procedure  used 
above  for  reduction  of  dried  corn  distillers’ 
grains  with  solubles.  However,  no  column 
in  table  4 relates  to  a change  in  synthetic 
methionine.  An  increase  in  any  one  of  18 
ingredients  that  are  represented  by  col- 
umns in  table  4 will  reduce  the  amount  of 
synthetic  methionine.  Thus,  the  problem 
may  be  attacked  indirectly  by  increasing 
the  amounts  of  ingredients  that  reduce  the 
level  of  synthetic  methionine. 

Increasing  the  Level  of  an  Ingredient  in  the 

Fo  rmula 

Purchaser  preference,  stocks  of  ingre- 
dients on  hand,  differences  in  minimum 
specifications  of  particular  ingredients, 
and  other  causes  may  necessitate  an  in- 
crease in  the  level  of  an  ingredient  above 
the  least-cost  amount.  For  example,  some 
mixers  prefer  to  use  a higher  level  of 
fish  products  than  is  called  for  in  the 
minimum  specifications  for  the  feed 


formula.  This  may  or  may  not  be  justi- 
fied on  nutritional  grounds.  Research  evi- 
dence is  not  adequate  enough  to  permit  the 
setting  of  a firm  minimum  level  of  fish 
products. 

This  kind  of  adjustment  parallels  closely 
in  logic  that  given  above  for  the  displace- 
ment of  an  ingredient.  In  the  case  of  con- 
densed fish  solubles,  column  1 1 of  table  4 
indicates  the  adjustment  required  in  the 
formula  to  increase  this  ingredient  by  1 
percent.  It  may  happen  that  an  attempt 
to  increase  an  ingredient  calls  for  the  dis- 
placement of  an  amount  of  some  ingre- 
dient in  excess  of  the  amount  in  the  formula. 
This  does  occur  upon  an  increase  in  the 
amount  of  condensed  fish  solubles.  This 
situation  may  be  handled  in  the  same  way 
as  was  the  problem  of  displacing  dried 
corn  distillers’  grains  with  solubles,  which 
was  discussed  previously. 

When  an  increase  is  desired  in  the  level 
of  an  ingredient  that  is  not  represented  by 
a column  in  table  4,  it  is  necessary  to  use 
one  or  more  ingredients  that  are  repre- 
sented by  columns  in  table  4 which  require 
an  increase  in  the  ingredient  in  question. 

ADJUSTING  THE  FORMULA  TO 
MEET  CHANGED  SPECIFICATIONS 

The  nutritional  requirements  for  boilers 
are  probably  as  well  established  as  are  the 
requirements  for  any  class  of  livestock. 
However,  the  problem  of  determining  re- 
quirements is  so  complex  that  there  is 
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TABLE  5. --SUMMARY  OF  CHANGES  INVOLVED  IN  SUBSTITUTING  WHEAT  STANDARD  MIDDLINGS  FOR  DRIED 
CORN  DISTILLERS’  GRAINS  WITH  SOLUBLES  IN  THE  FORMULA  PRESENTED  IN  TABLE  2 


Item 

-9.961  times 
values  of 
col.  17, , 
table  4 

2.0564  times 
values  of  . 
col.  22, 
table  4 

Total  of  net 
changes  for 
desired 
substitution 

Soybean  meal: 

Solvent,  44  percent 

ton 

0.094211 

-0.110326 

-0.016115 

Without  hulls,  50  percent 

- . 097547 

.097547 

.000000 

Corn  gluten  meal,  41  percent 

do 

. 069707 

-.005439 

.064268 

Meat  and  bone  scrap 

do 

. 001644 

-.000228 

. 001416 

Cornmeal,  yellow 

do 

.032174 

-.002367 

. 029807 

Calcium,  carbonate 

do 

- . 000468 

. 000278 

- . 000190 

Methionine 

do 

-.000110 

- . 000029 

-.000139 

Productive  energy  per  pound 

--calorie-- 

0 

0 

0 

Protein 

--percent-- 

0 

0 

0 

Nonfiber 

do 

. 276438 

.237465 

. 513903 

Arginine 

do 

-.020370 

.005211 

-.015159 

Lysine 

do 

-.074658 

.037858 

- . 036800 

Methionine  plus  cystine 

do 

. 007740 

-.000251 

. 007489 

Methionine 

do 

0 

0 

0 

Tryptophan 

do 

0 

0 

0 

Calcium 

do 

0 

0 

0 

Inorganic  phosphorus 

-_-_do 

0 

0 

0 

Cost 

dollar-- 

-.180543 

.311602 

.131059 

TABLE  6. --LEAST- COST  FORMULA  FOR  GIVEN  SPECIFICATIONS  AND  PRICES  WHEN  DRIED  CORN 
DISTILLERS'  GRAINS  WITH  SOLUBLES  IS  EXCLUDED 


Ingredient 

Amount 

Percentage 
of  formula 

Cost 

Soybean  meal,  solvent,  44  percent 

Pound 

313.75 

Percent 

15.688 

. Dollars 

9.44 

Corn  gluten  meal,  41  percent 

240.76 

12 . 038 

9.68 

Meat  and  bone  scrap 

128.29 

6.415 

3.85 

Fish  solubles,  condensed 

20.00 

1.000 

.92 

Dried  com  distillers'  solubles 

80.00 

4.000 

3.94 

Alfalfa  meal,  dehydrated,  17  percent 

40.00 

2.000 

1.62 

Cornmeal,  yellow 

1,106.61 

55.330 

32.31 

Wheat  standard  middlings 

41.13 

2.056 

1.14 

Calcium,  carbonate 

14.98 

.749 

.10 

Salt  

5.00 

.250 

.04 

Trace  mineral  supplement 

6.00 

.300 

.18 

Methionine 

1.90 

.095 

5.00 

Vitamins,  3-Nitro-4-hydroxyphenylarsonic  acid,  B.H.T. 
and  penicillin^ 

1.58 

.079 

2.87 

Total 

2,000.00 

100.000 

71.09 

^ For  the  amount  of  each  item  included  in  this  group  refer  to  the  tabulation  on  page  5. 
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^ Any  single  ingredient  at  level  listed  in  specification  or  a linear  combination  of  two  or  more  of  the  ingredients  will 
meet  the  "unknown  growth  factor"  indicated. 

^ 20  pounds  of  fish  solubles,  condensed,  meet  the  fish  factor. 

^ 80  pounds  dried  com  distillers'  solubles  meet  the  whey  factor. 

^ Possible  vitamin  content  of  feed  ingredients  is  not  included  because  of  lack  of  reliable  data  on  analysis. 


room  for  differences  of  opinion  concern- 
ing some  of  the  specifications.  The  linear 
programming  model  is  flexible  enough  to 
permit  considerable  departure  from  most 
of  the  specifications  used  in  this  problem. 

Certain  of  the  columns  in  table  4 do  not 
relate  to  ingredients  but  rather  to  charac- 
teristics of  the  formula.  Column  3,  for 
instance,  relates  to  the  protein  level.  In 
fact,  the  first  seven  figure  columns  relate 
to  changes  in  specifications. 

Making  the  changes  indicated  in  column 
3 increases  the  amount  of  protein  by  20 
pounds.  This  operation  is  comparable  to  the 
previously  described  procedure  for  in- 
creasing the  level  of  an  ingredient.  In  this 
instance,  in  addition  to  the  change  in  the 
percentage  of  protein  in  the  formula,  there 
are  also  changes  in  the  characteristics  that 
exceeded  specifications  in  the  original 
formula. 

An  increase  in  protein  level  alone  lowers 
cost  at  the  rate  of  $0.33  for  each  per- 
centage point  of  protein  added  at  the  prices 
used  in  this  problem.  (Note  that  the  “cost” 
entry  of  column  3,  table  4,  is  $0.33+).  How- 
ever, a change  of  this  kind,  violates  the 
requirement  that  the  ratio  of  calories  of 
productive  energy  to  the  percentage  of 
protein  be  no  closer  than  42 : 1 . If  the  amount 
of  protein  is  to  be  increased  and  the  ratio 
maintained,  the  amount  of  productive  energy 
must  be  increased  also.  Column  4 indicates 
the  changes  that  increase  the  caloric  content 
of  the  formula  by  50  calories  per  pound. 
Thus,  to  maintain  a 42:1  ratio,  this  pro- 
ductive energy  column  must  be  entered  at 
42/50,  or  at  an  84-percent  level  for  each  1 
percent  of  protein  added.  As  the  required 
increase  in  energy  increases  cost  by  84 
percent  of  $2.31,  or  $1.94,  the  total  ad- 
justment increases  cost  by  $1.94  minus 
$ 0.33,  or  $ 1 .61 . 

An  increase  of  0.1  percent  in  the  allow- 
ance of  inorganic  phosphorus  lowers  the 
cost  by  $0.15+.  (Note  that  the  cost  entry 
for  column  8,  table  4,  is  $0.15+).  If  this  is 
done,  it  might  be  nutritionally  desirable 
to  increase  the  amount  of  calcium  also  in 
order  to  maintain  a close  approximation  to 
the  ratio  of  phosphorus  to  calcium  that 
existed  in  the  original  specifications.  An 
increase  in  amount  of  calcium  increases 
cost,  but  the  ratio  of  45:1.1  between  in- 
organic phosphorus  and  calcium  could  be 
maintained  and  the  cost  reduced  about 


$0.07  per  0.1  percent  increase  in  inorganic 
phosphorus.  Opinions  of  nutritionists  as  to 
the  advisability  of  making  such  a change 
may  differ  because  of  the  existence  of 
some  degree  of  uncertainty  concerning  the 
precise  levels  and  ratio  of  calcium  and 
inorganic  phosphorus  that  is  optimum. 

If  an  inert  filler  were  added,  this  would 
be  equivalent  to  lowering  the  weight  re- 
quirement of  the  formula.  Thus,  this  repre- 
sents a change  in  specifications.  If  a cost- 
less filler  could  be  obtained,  this  change 
would  reduce  cost,  by  $0.022  7 per  each 
percentage  point  of  filler  added.  That  is, 
up  to  $2.27  per  ton  could  be  paid  for  inert 
filler.  As  previously  mentioned,  fillers  of 
this  kind  are  not  usually  added.  Moreover, 
obtaining  a filler  that  is  inert  with  respect 
to  the  formula  specifications  at  such  a 
low  cost  may  not  be  possible. 

All  other  increases  in  specifications 
represented  by  columns  of  table  4 result 
in  cost  increases. 

There  is  no  column  in  table  4 to  indicate 
the  changes  that  permit  alteration  of  the 
original  specifications  for  “nonfiber,” 
“arginine,”  “lysine”  and  “methionine plus 
cystine.”  If  a change  in  specifications  for 
these  elements  is  desired,  it  must  be  ac- 
complished indirectly.  That  is,  some  in- 
gredient or  characteristic  given  in  table  4 
must  be  changed  in  such  a way  as  to  effect 
the  desired  change  in  the  specification. 
The  least -cost  change  is  achieved  by  vary- 
ing the  level  of  the  ingredient  that  increases 
the  specification  at  lowest  cost.  The  changes 
in  specifications  associated  with  change  in 
the  level  of  use  of  an  ingredient  (or  other 
specification)  are  to  be  found  in  the  nutri- 
tional characteristic  section  of  table  4. 
Examination  of  the  columns  to  determine 
the  cost  of  increase  parallels  exactly  the 
procedure  outlined  previously  for  finding 
the  lowest  cost  source  of  increase  in  soy- 
bean meal  without  hulls. 


ADJUSTING  THE  FORMULA  FOR  CHANGE 
IN  INGREDIENT  COMPOSITION 

The  composition  of  an  ingredient  is 
subject  to  variation  from  lot  to  lot.  The 
linear  programming  model  uses  values  for 
composition  of  ingredients  given  in  table  1. 
Apparently,  similar  values  are  currently 
used  by  feed  millers.  If  departure  from 
the  use  of  such  values  is  desired,  it  is 
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relatively  easy  to  make  adjustments  in  the 
solution  for  changes  in  the  composition  of 
ingredients. 

If  the  composition  of  an  ingredient  is 
below  standard  on  one  or  more  charac- 
teristics, the  formula  obtained  by  using 
the  linear  programming  model  will  have 
less  of  the  characteristic  in  which  the 
ingredient  is  deficient  than  the  solution 
indicates.  To  correct  for  this,  the  amount 
of  the  deficiency  in  units  per  ton  of  the 
ingredient  is  determined.  Then,  the  appro- 
priate adjustment  for  this  level  of  defi- 
ciency is  computed,  using  the  relevant  col- 
umn of  table  4,  provided  the  specification 
is  one  that  is  met  exactly  by  the  formula. 
If  the  ingredient  is  not  already  in  the 
formula,  this  adjustment  is  then  added  to 
the  column  in  table  4 that  relates  to  the 
ingredient.  The  adjusted  ingredient  column 
is  then  used  in  entering  the  ingredient  into 
the  solution. 

If  the  characteristic  that  is  deficient  is 
not  one  that  is  met  exactly  by  the  solution, 
that  is,  if  it  is  exceeded,  the  adjustment 
procedure  differs  somewhat.  First,  if  the 
level  of  deficiency  is  small  relative  to  tiie 
margin  by  which  the  formula  exceeds  speci- 
fication for  the  characteristic  in  question, 
the  deficiency  may  be  ignored,  as  the 
formula  would  not  be  changed  by  taking 
such  a deficiency  into  account.  The  formula 
would  merely  exceed  the  specifications  by 
a narrower  margin  than  is  indicated,  if  the 
table  value  for  the  ingredient  were  used. 

If  the  level  of  deficiency  is  large,  then  it 
is  necessary  to  find,  among  the  columns  of 
table  4,  the  least -cost  source  of  increase 
in  the  characteristic.  The  required  level  of 
adjustment  is  then  computed  in  the  same 
way  as  the  adjustment  outlined  above, 
using  the  values  given  in  this  column. 

K the  ingredient  is  already  in  the  mix, 
the  correction  involves  determination  of 
the  appropriate  adjustment  by  one  of  the 
methods  outlined  above.  In  this  instance, 
one  further  refinement  is  necessary  to  prove 
that  the  adjusted  solution  is  least -cost.  In 
order  to  explain  this  refinement,  it  is 
necessary  first  to  explain  the  development 
of  the  resulting  net  change  in  formula 
cost  row  of  table  4.  The  entry  in  this  row 
for  a particular  ingredient  is  developed 
by: 


(1)  Multiplying  the  price  of  each  ingre- 
dient in  the  solution  by  the  change  in 
that  ingredient, 

(2)  Summing  the  products  obtained  in 

(1), 

(3)  Subtracting  the  sum  of  products  ob- 
tained in  (2)  from  the  cost  of  1 per- 
cent of  the  ingredient  for  which  the 
“resulting  net  change  in  formula  cost” 
is  being  developed. 

The  price  used  in  step  (1)  is  for  an  ingre- 
dient having  a composition  as  given  in  table 
I.  If  the  ingredient  is  not  of  this  composi- 
tion, an  adjusted  “price”  must  be  used. 
The  adjustment  consists  of  adding  or  sub- 
tracting the  proportion  of  the  resulting  net 
change  in  formula  cost  for  the  specifica- 
tion that  is  required  to  correct  for  the 
ingredient’s  deficiency.  The  resulting  ad- 
justed price  is  then  used  instead  of  the 
true  price  in  developing  a new  resulting 
net  change  in  formula  cost  row  in  table  4. 
After  the  change,  this  new  row  may  indicate 
that  the  cost  of  the  formula  would  be  re- 
duced by  adding  an  ingredient  not  previously 
in  the  solution. 

H an  ingredient  exceeds  the  table  values 
with  respect  to  a characteristic,  the  re- 
verse of  the  adjustment  procedure  outlined 
should  be  followed. 


ADJUSTING  THE  SOLUTION  FOR 
CHANGES  IN  PRICES 

The  discussion  of  the  recomputation  of 
the  resulting  net  change  in  formula  cost 
for  table  4 in  case  of  adjustment  to  fneet 
departure  of  ingredients  from  their  assumed 
characteristics  can  be  extended  easily  to 
situations  in  which  there  is  a true  change 
in  ingredient  prices.  A new  cost  can  be 
obtained  for  any  column  by  subtracting  the 
value  of  ingredients  increased  in  amount 
from  the  value  of  ingredients  reduced.  A 
negative  difference  indicates  that  adding 
the  ingredient  (or  increasing  the  specifica- 
tion) lowers  the  cost  of  the  formula. 

The  procedure  for  adding  an  ingredient 
to  the  formula  was  discussed  previously. 
The  same  procedure  is  used  in  bringing  in 
a cost -reducing  ingredient. 
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EXTENDING  CONSIDERATION  TO  INGRE- 
DIENTS NOT  INCLUDED  IN  TABLE  4 

Table  4 includes  most  of  the  ingredients 
commonly  used  in  broiler  foods.  However, 
the  list  of  possible  ingredients  is  more 
extensive.  Fortunately,  it  is  relatively  easy 
to  add  ingredients  to  the  list  given  in  table 
4.  Addition  involves  the  use  of  the  columns 
of  table  4 that  relate  to  changes  in  specifi- 
cations. If  1 percent  of  an  ingredient  is 
added  to  the  formula,  the  specifications  for 
the  residual  of  the  formula  can  be  lowered 
by  the  amount  of  each  characteristic  pro- 
vided by  the  ingredient.  Thus,  a reduction 
of  1 percent  of  a ton  of  the  residual  ingre- 
dients is  possible  if  1 percent  of  an  ingre- 
dient is  added.  To  find  the  change  in  the 
formula  involved  in  a reduction  of  1 percent 
in  weight,  it  is  only  necessary  to  refer 
to  the  values  in  column  2,  table  4.  If  the 
ingredient  has  a protein  percentage  of  20, 
1 percent  of  a ton  contains  4 pounds  of 
protein,  or  0.2  percent  of  a ton  of  protein. 
If  this  ingredient  is  added  to  the  formula 
at  the  1 -percent  level,  the  specification  for 
protein  in  the  residual  is  reduced  by  0.2 
percent.  If  the  signs  are  changed  on  items 
in  column  3,  table  4,  the  resulting  changes 
meet  the  specifications  for  1 percent  less 
protein  than  was  called  for  in  the  original 
specification  for  the  formula.  Therefore, 
minus  one -fifth  of  the  values  given  in  col- 
umn 3,  table  4,  gives  the  changes  required 


to  meet  the  specifications  for  a formula 
having  0.2  percent  less  protein  than  was 
called  for  in  the  original. 

If  the  values  of  column  2 are  added  to 
the  corresponding  values  of  minus  one- 
fifth,  column  3,  the  resulting  sums  indicate 
the  changes  in  the  formula  if  an  ingredient 
weighing  1 percent  of  a ton  and  containing 
20  percent  protein  were  to  be  added.  In  a 
comparable  way,  adjustment  may  be  made 
for  the  energy,  methionine,  tryptophan, 
calcium,  and  inorganic  phosphorus  content 
of  the  ingredient  to  be  added.  This  'does  not 
take  into  account  the  change  in  the  level  of 
characteristics  in  the  formula  that  are  not 
represented  by  columns  in  table  4,  These 
are  “nonfiber,”  “arginine,”  “lysine”,  and 
“methionine  plus  cystine.”  The  full  amount 
of  the  characteristic  in  the  ingredient  is  to 
be  added  in  developing  the  relevant  row 
in  table  4.  Needless  to  say,  the  changes  in 
the  level  of  the  characteristic  resulting 
from  changes  previously  outlined  must  be 
taken  into  account  in  arriving  at  the  final 
entry. 

The  “resulting  change  in  formula  cost” 
entry  for  the  column  can  be  derived  as 
outlined  in  the  previous  section,  or  it  can 
be  developed  from  the  cost  entries  for  the 
specifications  columns  and  the  price  of 
the  new  ingredient. 
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APPENDIX 


A Linear  Programming  Model  of 
the  Broiler  Feed  Formula 
Problem 

The  model  used  in  this  problem  evolved 
from  several  trial  and  error  attempts  at 
stating  relevant  relationships.  Each  trial 
after  the  first  began  with  most  of  the 
numerical  coefficients  from  a previous 
solution.  This  was  an  efficient  procedure 
of  model  development  but  the  final  model 
used  had  some  characteristics  carried 
over  from  previous  models  that  were  not 
optimum  for  the  final  model.  Therefore, 
instead  of  describing  the  linear  program- 
ming model  actually  used  in  this  problem, 
the  model  discussed  here  is  the  one  that 
would  be  used  if  a new  start  were  made 
on  the  problem  with  the  knowledge  gained 
from  previous  experience.® 

As  some  of  the  specified  characteristics 
of  the  formula  could  be  met  only  by  single 
ingredients,  there  was  no  point  in  intro- 
ducing this  characteristic  into  the  model 
of  the  mix  problem.  Thus,  salt,  trace 
mineral  supplement,  corn  gluten  meal  as  a 
pigmenting  factor,  and  alfalfa  meal  as  a 
source  of  the  alfalfa  factor  were  added  in 
fixed  amounts  to  meet  this  type  of  charac- 
teristic. The  whey  and  fish  factors  could 
be  satisfied  by  more  than  one,  but  rela- 
tively few,  ingredients.  With  some  pre- 
liminary calculations,  the  choice  could  be 
narrowed  to  a single  ingredient  in  each 
instance.  Condensed  fish  solubles  were 
chosen  as  the  source  of  the  fish  factor  and 
dried  corn  distillers’  solubles  were  chosen 
as  the  source  of  the  whey  factor.  This 
choice  was  made  on  the  basis  of  prices 
used  in  obtaining  the  solution  reported  here. 
Changes  in  prices  could  make  necessary  a 
change  in  the  sources  of  these  factors  to 
realize  the  least -cost  formula.  Procedures 
for  making  such  substitutions  are  detailed 
in  another  section  of  this  report. 

As  explained  previously,  an  antioxidant, 
3-Nitro-4-hydroxyphenylarsonic  acid,  an 
antibiotic,  and  vitamin  supplements  were 
added  in  fixed  amounts.  The  insurance 
feature  of  adding  these  ingredients  appears 
to  be  valued  highly  relative  to  the  possible 


’ Initial  and  solution  tableaus  of  the  problem  as  run  are  avail- 
able through  the  Computer  Facility  of  Pennsylvania  State  Uni- 
versity. These  are  available  in  either  punched  paper  tape  or 
tabular  read  out. 


savings  that  might  be  realized  by  taking 
account  of  the  amounts  in  the  other  ration 
ingredients . 

Table  8 gives  the  ingredients  added  in 
fixed  amounts  and  their  contributions  toward 
satisfying  the  requirements  of  each  charac - 
teristic  of  the  formula. 

The  initial  tableau  is  given  in  table  9. 
The  column  vectors,  P5  , P47  , P48  , P49, 
P50,  and  P51,  may  be  omitted  from  the 
tableau  without  loss  of  value.  They  are 
included  in  table  9 for  logical  complete- 
ness. The  formula  specifications  are  repre- 
sented by  five  columns  in  this  tableau 
(table  9).  These  are:  (1)  Pq,  which  states 
the  residual  requirements  of  the  formula 
for  weight,  fiber,  productive  energy, 
calcium,  and  inorganic  phosphorus,  as  given 
in  the  tabulation  on  page  3 after  account  is 
taken  of  the  fixed  ingredients  described  in 
table  8;  (2)  P43,  which  states  the  remaining 
residual  requirements  for  a formula  of 
exactly  950  calories,  exactly  21.11  percent 
protein  (45:1  ratio)  and  at  least  the  residual 
levels  of  amino  acids;  (3)  P45  , which  states 
the  remaining  residual  requirements  for  a 
formula  of  exactly  950  calories  per  pound, 
exactly  22.61  percent  protein  (42:1  ratio) 
and  at  least  the  residual  levels  of  amino 
acids;  (4)  P44,  which  states  the  possibility 
of  increasing  productive  energy  above  the 
950  calorie -per -pound  level,  provided  the 
ratio  of  energy  to  protein  is  maintained  at 
45  calories  per  pound  to  1 percent  protein 
and  that  amino  acids  increase  in  direct 
ratio  to  productive  energy  and,  finally; 
(5)  P46,  which  is  the  same  as  P44,  except 
that  the  energy -protein  ratio  is  42  to  1 
instead  of  45  to  1 . 

Either  P43  or  P45  must  enter  a solution 
to  this  problem.  If  P43  enters,  then  P44 
may  enter  if  the  least-cost  formula  would 
have  more  than  950  calories  per  pound. 
Similarly,  if  P45  enters,  then  P46  may 
enter.  If  the  optimum  ratio  of  energy  to 
protein  is  between  the  limits  of  42:1  and 
45:1,  then  either  P43  and  P46  or  P45  and 
P44  would  enter  the  solution. 

Coefficients  of  a solution  tableau  were  re- 
ported in  table  4.  This  table  did  not  include 
the  coefficients  of  columns  P43  through  P51, 
but  all  the  information  they  convey  can  be 
derived  from  other  columns. 
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TABLE  8. --INGREDIENTS  ADDED  TO  FORMULA  IN  FIXED  AMOUNTS  IN  ORDER  TO  SATISFY 

CERTAIN  SPECIFICATIONS 


Contribution  to  specifications 


Ingredient 

Weight 

Protein 

Fiber 

Productive 

energy 

Arginine 

Lysine 

Pound 

Percent 

Percent 

Calories 
per  Pound 

Percent 

Percent 

Salt 

5.00 

0 

0 

0 

0 

0 

Mineral  supplement 

6.00 

0 

0 

0 

0 

0 

Corn  gluten  meal ____ 

60.00 

1.287 

.12 

49.26 

.042 

.024 

Dried  com^  distillers'  solubles 

80.00 

1.076 

.152 

81.60 

.040 

.036 

Fish  solubles,  condensed 

20.00 

.314 

.006 

8.80 

.024 

.027 

Alfalfa  meal,  dehydrated,  17 

percent 

40.00 

.356 

.484 

10.44 

.016 

.018 

Vitamin,  3-Nitro-4-hydroxy- 
phenylarsonic  acid,  B.H.T. 

& penicillin^ 

1.58 

0 

0 

0 

0 

0 

Total- — 

.212.58 

3.033 

.762 

150.10 

.122 

.105 

Methionine 

Methionine 

plus 

cystine 

Tryptophan 

Calcium 

Inorganic 

phos- 

phorus 

Percent 

Percent 

Percent 

Percent 

Percent 

Salt 

0 

0 

0 

0 

0 

Mineral  supplement- — — 

0 

0 

0 

0 

0 

Corn  gluten  meal---- 

.030 

.048 

.006 

.005 

.0035 

Dried  corn  distillers'  solubles- 

.024 

.048 

.008 

.014 

.016 

Fish  solubles,  condensed 

.010 

.027 

.008 

.006 

.007 

Alfalfa  meal,  dehydrated. 

17  percent 

.0065 

.013 

.0045 

.034 

.001 

Vitamin,  3-Nitro-4-hydroxy- 
phenylarsonic  acid,  B.H.T. 

& penicillin^- — 

0 

0 

0 

0 

0 

Total 

.0705 

.136 

.0265 

.059 

.0275 

For  the  amount  of  each  item  included  in  this  group  refer  to  the  tabulation  on  page  5. 


Illustration  of  a Change  in  Formula  to  Meet 

a Change  in  Specifications 

There  is  a paucity  of  experimental  data 
to  explain  the  relationship  of  ration  effi- 
ciency to  the  energy -protein  ratio.  In  gen- 
eral, it  is  known  that  a feed  that  includes 
protein  in  excess  of  the  biological  require- 
ments for  growth  is  less  efficient  per 
calorie  in  producing  gain  than  is  a ration 
that  does  not  contain  an  excess  of  protein. 
The  precise  biological  requirement  of 
protein  for  growth  at  the  various  ages  has 
not  yet  been  established;  but  existing  protein 


standards  are  known  to  give  tolerable 
results.  However,  as  the  consequences  of 
too  little  protein  are  more  serious  than  those 
of  mild  excesses  of  protein,  the  standards 
may  be  somewhat  above  the  true  minima. 

As  a result  of  this  uncertainty  as  to 
precise  requirements,  some  nutritionists 
may  wish  to  depart  from  the  energy -protein 
ratio  range  given  in  the  specifications  for 
this  formula.  For  instance,  a narrower 
range  may  be  favored  for  a feed  during  the 
first  2 to  3 weeks  of  growth.  With  no  posi- 
tion taken  on  the  advisability  of  one  protein 
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TABLE  9. --INITIAL  TABLEAU  FOR  LEAST-COST  BROILER  FEED  FOJ 
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\0 

CM 
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522 
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.9 
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See  footnote  at  end  of  table.  -Continued 


TABLE  9.— INITIAL  TABLEAU  FOR  LEAST-COST  BROILER  FEED  FORMULA^ --Continued 
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level  or  another,  the  techniques  for  mov- 
ing from  one  ratio  to  another  are  demon- 
strated. 

It  is  assumed  that  a feed  of  the  same 
specifications  as  given  in  table  3 is  de- 
sired, except  that  the  protein  level  will  be 
exactly  24  instead  of  22.6  percent- -the 
maximum  for  a 950 -calorie  feed  and  a 
range  of  42:1  to  45:1  in  the  energy -protein 
ratio.  The  energy -protein  ratio  in  a 950- 
calorie  formula  having  24  percent  protein 
is  about  39:1.  An  increase  of  1.4  percent 
in  protein  level  is  required  to  reach  24 
percent. 

The  changes  in  ingredients,  specifica- 
tions, and  cost  are  obtained  by  multiplying 
column  3,  table  4,  by  1.4.  For  clarity  of 
presentation,  this  column  from  table  4 is 
reproduced  in  table  10,  together  with  1.4 
times  the  values  indicated. 

Reference  to  the  solution  given  in  table  2 
shows  that  the  changes  indicated  above  are 
feasible.  However,  these  changes  alone  will 
not  necessarily  yield  the  least-cost  24- 
percent  formula.  The  entry  of  soybeanmeal 
without  hulls  may  make  possible  a cost- 
reducing  adjustment  in  the  formula.  To 
test  for  this  possibility,  the  columns  of 
table  4 are  examined  to  determine  whether 
(1)  increase  in  any  ingredient  (or  specifica- 
tion) that  reduces  cost  also  reduces  the 
amount  needed  of  soybean  meal  without 
hulls,  or  (2)  reduction  of  any  ingredient 
(or  specification)  that  will  lower  cost  also 
reduces  the  amount  needed  of  soybeanmeal 
without  hulls.  Normally,  the  search  out- 
lined under  (1)  is  unnecessary  except  after 
a price  change.  Only  a few  ingredients  in 
the  formula  are  represented  also  by  col- 
umns in  table  4.  Thus,  the  search  outlined 
under  (2)  is  relatively  simple. 

The  ingredients  that  are  represented  by 
columns  in  table  4 and  that  are  also  in  the 
formula  given  in  table  2 are:  Fish  solubles , 
condensed;  dried  corn  distillers*  solubles; 
dried  corn  distillers*  grains,  with  solubles; 
alfalfa  meal,  dehydrated,  17  percent. 

Reducing  the  amount  of  dried  corn  dis- 
tillers’ grains  with  solubles  will  reduce 
cost  and  also  the  amount  needed  of  soy- 
bean meal  without  hulls.  Reducing  the 
amount  of  condensed  fish  solubles  would 
reduce  both  cost  and  the  amount  of  soybean 
meal  without  hulls,  but  this  would  leave 
the  fish  factor  unsatisfied.  Table  4 indicates 
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that  condensed  fish  solubles  are  the  cheapest 
source  of  the  fish  factor;  therefore,  a re- 
duction in  the  amount  of  this  ingredient 
would  not  be  a saving.  Reducing  the  amount 
of  dried  corn  distillers’  solubles  increases 
the  amount  of  soybean  meal  without  hulls. 
Thus,  its  reduction  was  not  limited  by  there 
being  none  of  this  ingredient  to  displace.  It 
will  remain  the  lowest-cost  source  of  the 
whey  factor. 

The  only  apparently  feasible  change, 
therefore,  is  a reduction  in  the  amount  of 
dried  corn  distillers’  grains  with  solubles. 
The  changes  associated  with  a reduction 
in  the  amount  of  this  ingredient  can  be 
derived  from  column  17,  table  4.  Each 
percentage  point  reduction  will  reduce  the 
amount  of  soybean  meal  without  hulls  by 
0.009793  tons.  As  the  proposed  change  to 
24 -percent  protein  would  increase  the 
amount  of  soybean  meal  without  hulls  by 
0.141992  tons,  there  is  more  than  enough 
to  permit  complete  displacement  of  the 
9.9610  percent  of  dried  corn  distillers’ 
grains  with  solubles  from  the  formula. 
The  change  involved  can  be  determined  by 
multiplying  the  changes  indicated  in  col- 
umn 17,  table  4,  by  -9.9610.  The  result 
of  this  operation  is  summarized  in  table 
10. 

The  total  change  in  the  formula  to  obtain 
the  least-cost  24 -percent  protein  formula 
is  obtained  by  summing  the  changes  indi- 
cated for  an  increase  of  1.4  percent  and 
those  that  indicate  a reduction  of  9.9610 
percent  in  dried  corn  distillers’  grains 
with  solubles.  The  result  is  shown  in  the 
final  column  of  table  10. 

The  resulting  formula  is  shown  in  table 

11. 

The  cost  of  this  formula  at  prices  used 
in  the  illustration  is  $70.30  per  ton.  This 
is  $0.65  lower  than  the  formula  held  to  a 
maximum  of  22.6  percent  protein  (that  is, 
42:1  ratio).  If  this  feed  is  as  efficient  as 
the  wider  ratio  feeds,  a substantial  cost 
advantage  would  be  realized. 

Stability  of  the  Least -Cost  Solution  to 

Price  Changes 

As  was  seen  in  the  illustration  of  the  dis- 
placement of  dried  corn  distillers’  grains 
with  solubles,  there  may  be  rather  drastic 


TABLE  10.--LEAST-CC6T  FORMULA  WITH  GIVEN  PRICES,  WITH  24  PERCENT  PROTEIN  AND  WITH  OTHER  SPECIFICATIONS  UNCHANGED 


TABLE  11.— LEAST-COST  FORMULA  WITH  GIVEN  PRICES,  WITH  24  PERCENT  PROTEIN  AND  WITH  OTHER 

SPECIFICATIONS  UNCHANGED 


Ii]gredient 

Amount 

Quantity 

Percentage 

Cost 

Soybean  meal: 

Solvent,  44  percent 

Without  hulls,  50  percent 

Com  gluten  meal,  41  percent 

Meat  and  bone  scrap 

Fish  solubles,  condensed 

Dried  com  distillers  ' solubles 

Alfalfa  meal,  dehydrated,  17  percent 

Commeal,  yellow 

Calcium,  carbonate 

Salt 

Trace  mineral  supplement 

Methionine 

Vitamins,  3-Nitro-4-hydroxyphenylarsonic  acid, 

B.H.T.  and  penicillin^ 

Pounds 

201.74 

88.89 

342.70 

129.83 

20.00 

80.00 

40.00 

1068.60 

14.63 

5.00 

6.00 
1.03 

Percent 

10.087 

4.444 

17.135 

6.492 

1.000 

4.000 

2.000 
53.430 

.731 

.250 

.300 

.052 

DoLL  ars 

6.07 

2.99 

13.77 

3.89 

.92 

3.94 

1.62 

31.20 

.10 

.04 

.18 

2.71 

1.58 

.079 

2.87 

Total 

2000.00 

100.000 

70.30 

^ For  the  amount  of  each  item  included  in  this  group  see  the  tabulation  on  page  5. 
The  computed  analysis  of  the  formula  in  table  11  is: 


Characteristics 


Protein 

Nonfiber 

Productive  energy  per  pound- 

Arginine 

Lysine 

Methionine 

Methionine  plus  cystine 

Tryptophan 

Calcium 

Inorganic  phosphorus 

Vitamin: 

A 

D 

K 

Bi2 

Pantothenic  acid 

Niacin 

Choline 

Folic  acid 

Riboflavin 


Amount 


percent — 

do 

calorie — 
percent- - 

do 

do 

do 

do 

do 

do 


24.0 

96.8 

950.0 

1.2 

1.1 

.48 

.8 

.20 

1.10 

.45 


• — million  I.U. — 
•million  I.C.U. — 

gram — 

milligram — 

gram — 

do — 

do — 

do 

do — 


14.6433 

1.5000 

1.0000 

17.8088 

12.1019 

45.1324 

1484.9903 

1.5153 

6.5009 
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changes  in  the  formula  with  small  change 
in  cost.  From  this,  it  may  be  deduced  that 
small  changes  in  the  prices  of  ingredients 
may  result  in  a considerable  change  in  the 
least-cost  formula.  This  is  true  for  prices 
of  some  ingredients  but  drastic  changes  in 
prices  of  other  ingredients  are  necessary 
before  the  formula  is  changed  materially. 

The  sensitivity  of  the  formula  to  prices 
of  ingredients  is  confined  to  changes  in 
relative  price  alone.  That  is,  if  all  prices 
rose  or  fell  by  the  same  percentage,  the 
formula  would  not  change. 


An  infinitely  large  number  of  changes  in 
relative  price  of  the  30  ingredients  con- 
sidered is  possible.  Thus,  it  is  obviously 
impossible  to  try  to  account  for  changes  in 
the  formula  in  response  to  all  possible  sets 
of  relative  prices.  However,  the  extent  of 
change  in  the  price  of  each  ingredient  that 
is  required  before  the  least -cost  formula 
changes,  on  the  assumption  that  all  other 
prices  remain  the  same,  indicates  some- 
thing of  the  degree  of  stability  in  the  formula 
developed  from  the  given  prices.  The  per- 
centage changes  required,  computed  as  indi- 
cated, are  shown  in  table  12. 


TABLE  12. --PERCENTAGE  CHANGE  IN  PRICE  REQUIRED  TO  REDUCE  OR  INCREASE  LEVEL  OF 

INGREDIENTS  IN  LEAST-COST  FORMULA 


Ingredient 

Change  in 

price  to-- 

Reduce  level 

Increase  level 

Soybean  meal : 

Percent 

Percent 

Solvent,  44  percent 

0.1 

-0.3 

Without  hulls,  50  percent 

— 

-.1 

Corn  gluten  meal,  41  percent 

.1 

-30.2 

Meat  scrap 

— 

-8.9 

Meat  and  bone  scrap 

9.1 

-13.7 

Fish- 

Meal,  Menhaden 

— 

-18.4 

Solubles,  condensed 

— 

-22.3 

Dried- 

Buttermilk 

— 

-79.0 

Skim  milk 

— 

-68.3 

Whey,  cheese 

— 

-65.7 

Brewers ' yeast 

— 

-73.9 

Corn  distillers'- 

Solubles 

— 

-25.7 

Grains,  with  solubles 

— 

-2.9 

Alfalfa  meal,  dehydrated,  17  percent 

-65.7 

Cornmeal,  yellow 

4.6 

-.4 

Milo,  maize 

— 

-10.4 

Wheat : 

Hard  red  winter 

— 

-46.4 

Soft  red  winter 

— 

-39.4 

Standard  middlings 

— 

-27.5 

Red  dog  flour 

— 

-10.7 

Hominy  feed,  yellow 

— 

-20.3 

Oats: 

Excluding  Pacific  Coast 

— 

-29.5 

Feeding,  rolled 

— 

-32.7 

Barley,  excluding  Pacific  Coast 

— 

-23.7 

Tallow 

— 

-8.1 

Bonemeal,  steamed 

— 

-100.3 

Calcium,  carbonate 

474.9 

-10.4 

Phosphate: 

Dicalcium 

— 

-122.5 

Defluorinated 

— 

-100.9 

Methionine 

1.8 

-.3 
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Procedure  for  Economizing  on  Vitamin 

Supplement 

The  same  fixed  vitamin  supplement,  that 
given  in  the  tabulation  on  page  5,  was  used 
with  all  the  formulas  presented  here.  In 
each  formula,  the  vitamin  content  exceeded 
by  a considerable  margin  the  allowances 
specified  in  the  tabulation  on  page  3.  The 
margin  of  excess  varied  between  the  several 
formulas.  In  all  of  them,  however,  there 
existed  the  possibility  of  reducing  some  of 
the  vitamin  supplements  and  thereby  re- 
ducing the  cost  of  the  formula. 

As  mentioned  previously,  economizing 
on  vitamins  to  a point  at  which  there  is  a 
chance  of  a deficiency  occurring  can  be 
serious.  This  would  argue  for  a comfort- 
able margin  of  safety  in  the  vitamin  content. 
Feed  manufacturers  seem  generally  to  hold 
this  viewpoint.  But,  a more  systematic 
approach  to  the  problem  would  appear  to  be 
that  of  increasing  the  allowances  for  vita- 
mins to  provide  the  desired  margin  of 
safety.  Retaining  an  inflated  set  of  allow- 
ances may  give  better  insurance  against 
deficiency  and  be  less  costly  than  adding 
fixed  amounts  of  supplement  and  realizing 
a variable  margin  of  safety. 

A procedure  is  outlined  in  this  section  for 
adjusting  the  level  of  vitamin  supplement  to 
a prescribed  minimum  level.  The  minimum 


level  prescribed  is  made  up  of  the  allow- 
ances given  in  the  tabulation  of  specifica- 
tions on  page  3.  However,  the  procedure 
is  the  same  for  adjusting  to  any  other  level. 

If  the  amount  of  vitamin  supplement  is 
varied  to  maintain  the  vitamin  content  at 
a prescribed  minimum  level,  the  relation- 
ship between  the  relative  value  of  the 
ingredients  may  be  changed.  If  the  adding 
of  one  ingredient,  plus  its  associated 
changes,  results  in  the  need  for  either 
more  or  less  vitamin  supplement  than  the 
adding  of  another  ingredient,  plus  its  asso- 
ciated changes,  this  should  be  taken  into 
account.  A procedure  for  accomplishing 
this  is  also  outlined  here. 

Adjusting  the  level  of  vitamin  supple  - 

ment  to  a prescribed  level. --Table  3 gives 
the  amount  by  which  the  formula  given  in 
table  2 exceeds  specification  for  each 
vitamin.  As  a first  approximation,  the 
vitamin  supplement  may  be  reduced  until 
either  all  the  supplement  is  displaced  or 
the  content  of  the  formula  is  reduced  to 
specification.  The  amount  of  each  vitamin 
supplement  added  is  given  in  the  tabulation 
on  page  5.  The  following  tabulation  was 
developed  by  taking  the  smaller  of  the  two 
limits  described  above  upon  removal  of 
supplements.  The  vitamins  that  may  be 
removed  weigh  342  grams,  or  0.75  pound. 
The  removal  of  this  weight  will  require  a 


A 

D 

K 

Bi2 

Pant  ho  then!  c acid- 

Niacin 

Choline 

Folic  acid 

Riboflavin 


Vitamin 


• — million  I.U. — 
•million  I.C.U. — 

gram-- 

milligram — 

gram — 

do 

do 

do — 

do 


Amount  of  supplement  that 
may  be  removed 
(1st  approximation) 


4.000 
1.225 

.568 

6.000 

2.300 

17.800 

293.800 

1.000 

4.000 


corresponding  increase  in  the  weight  of 
other  ingredients.  This  can  be  accomplished 
by  using  column  2 of  table  4.  The  vitamin 
supplements  removed  can  be  considered 
inert  filler  as  they  have  no  nutritive  value 
other  than  their  vitamin  content.  However, 


the  change  resulting  from  an  increase  in 
the  weight  of  other  ingredients  will  itself 
alter  the  vitamin  content  of  the  mix.  For 
each  percentage  point  of  inert  filler  added, 
the  changes  in  vitamin  content  of  the  formula 
are  as  follows: 
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Vitamin 


A 

Bi2 

Pantothenic  acid' 

Niacin 

Choline 

Folic  acid 

Riboflavin 


Change  in  vitamin  content 
of  formula  per  1 percent 
increase  in  inert  filler 


•million  I.U.-- 

milligram — 

gram — 

,^o 

do 

do 

do 


-0.186574 

.072486 

-.185233 

-1.327252 

-23.442758 

-.004898 

-.065815 


The  values  for  vitamins  D and  K are  not 
given  as  none  of  the  ingredients  except 
the  supplement  contain  vitamin  D,  and 
reliable  estimates  of  the  K content  are 
not  available  for  all  ingredients.  No  contri- 
bution from  ingredients  of  vitamin  K was 
assumed  in  calculating  the  reduction  per - 
mitted  in  the  supplements. 


The  change  in  vitamin  content  of  the 
formula  caused  by  the  reduction  of  0.75 
pound  in  inert  filler  can  be  obtained  by 
multiplying  -(.75  -r  20),  or  -.0375,  by  the 
values  given  in  the  tabulation  above.  The 
tabulation  that  follows  gives  the  products 
of  this  multiplication. 


Vitamin 


A 

Bi2 

Pantothenic  acid' 

Niacin 

Choline 

Folic  acid 

Riboflavin 


Change  in  vitamin  content 


caused  by  reducing  inert 
filler  0.75  pounds 


•million  I.U.-- 

milligram- - 

gram — 

do 

do 

do 

do 


0.006997 
-.002718 
. 006946 
. 049772 
. 879103 
. 000184 
.002468 


The  increase  in  vitamins  A,  folic  acid,  and 
riboflavin  will  not  permit  more  of  the 
vitamin  supplements  to  be  displaced  as  the 
previous  first  approximation  of  the  amount 
that  could  be  displaced  was  limited  by  the 
amount  of  these  supplements  added.  Less 
of  Bi2  and  more  of  pantothenic  acid, 
niacin,  and  choline  may  be  displaced  than 
was  indicated  by  the  first  approximation. 
The  net  change  in  weight  of  vitamin  supple - 
ment  caused  by  the  reduction  of  0.75  pound 
of  inert  filler  is  less  than  one  gram,  or 
0.002  pound.  This  change  in  weight  would 
have  an  imperceptible  effect  on  the  formula; 


therefore,  a final  approximation  of  the 
change  in  vitamin  supplement  can  be 
developed  by  adjusting  the  first  approxi- 
mation for  the  change  in  B^2»  pantothenic 
acid,  niacin,  and  choline  by  the  amounts 
resulting  from  reducing  inert  filler  by  0.75 
pound.  This  final  approximation  is  given 
in  the  tabulation  below.  Digits  are  carried 
beyond  the  limit  of  significance  in  this 
tabulation  to  better  illustrate  the  nature 
of  the  calculation.  Very  little  accuracy 
would  have  been  sacrificed  by  accepting 
the  first  approximation  as  the  final  adjust- 
ment. 
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A 

D 

K 

^12 

Pantothenic  acid' 

Niacin 

Choline 

Folic  acid 

Riho flavin 


Vitamin 


Amount  of  supplement  that 
may  he  removed 
(final  adjustm.ent) 


— million  I.U.- 
-million  I.C.U.- 

gram- 

milligram- 

gram- 

do-- 

do-- 

do-- 

do-- 


4.000 
1.225 

.568 

5.997 

2.307 

17.850 

294.679 

1.000 
4.000 


The  change  in  fornaula  cost  that  is  due  to 
the  change  outlined  in  vitamin  supplements 
can  be  calculated  by  applying  the  prices 
for  vitamin  supplements  as  given  in  the 
tabulation  on  page  10  to  the  amounts  of 
reduction  as  given  in  the  tabulation  above 
and  by  computing  the  change  in  cost  caused 
by  the  reduction  in  amount  of  inert  filler. 
The  computed  saving  on  vitamin  supple- 
ments is  $1.52.  (More  than  a third  of  this 
amount  is  due  to  the  reduction  in  vitamin 
A supplement.)  The  increase  in  cost  that 
comes  from  the  reduction  in  the  amount  of 
inert  filler  is  less  than  one  mill. 

Adjusting  the  relative  values  of  ingre- 
dients for  vitamin  value. --For  each  of  the 
changes  represented  by  columns  in  table 
4,  the  associated  net  change  in  vitamin 
composition  of  the  formula  was  computed. 
These  values  are  given  in  table  13.  Atten- 
tion centers  on  the  changes  associated  with 
the  changes  in  ingredients  discussed  here. 
The  procedures  outlined  are  applicable 
also  to  changes  in  specifications. 

The  adjustment  required  in  the  relative 
value  of  the  ingredients,  as  reflected  in 
the  net  change  in  cost  row  of  table  4,  de- 
pends upon  which  vitamins  would  fall  below 
specification  without  the  added  supple- 
ments and  which  vitamins  would  be  subject 
to  economizing.  If  all  vitamins  fell  below 
specification  without  supplement  and  all 
were  subject  to  economizing  the  relevant 
adjustment  would  be  developed  by  multiply- 
ing the  price  of  each  vitamin  supplement 
by  the  change  in  vitamin  content  and  sum- 
ming the  products  obtained.  If  the  sum  of 
products  is  negative,  this  indicates  that  the 
value  of  the  supplements  that  need  to  be 
increased  in  amount  exceeds  the  value  of 
supplements  that  may  be  reduced  in  amount. 


Conversely,  if  the  sum  of  products  is  posi- 
tive, the  value  of  the  supplements  that  may 
be  reduced  exceeds  the  value  of  supplements 
that  must  be  increased.  These  sums  of 
products  should  be  adjusted  for  the  change 
in  weight  associated  with  the  change  in 
vitamin  supplements.  This  adjustment  is 
so  small,  however,  that  it  can  be  safely 
ignored. 

To  demonstrate  the  change  in  relative 
value  of  ingredients  if  all  vitamin  supple- 
ments are  to  be  economized,  table  14  was 
prepared.  The  resulting  net  change  in 
formula  cost  is  taken  from  table  4.  Net 
cost  of  vitamin  supplements  was  computed 
from  the  change  in  vitamin  content  given 
in  table  13  and  the  prices  for  supplements 
given  in  the  tabulation  on  page  10.  The  net 
change  in  formula  cost  with  no  change  in 
vitamin  content  was  computed  from  the 
other  two  columns.  For  the  most  part,  the 
changes  are  relatively  small.  Condensed 
fish  solubles,  and  dehydrated  alfalfa  meal 
in  particular  are  relatively  better  buys  and 
tallow  a relatively  poorer  buy  if  vitamins 
are  treated  in  this  way. 

It  should  be  noted,  however,  that  the 
method  used  in  computing  the  vitamin 
values  for  ingredients  in  table  14  will  seldom 
be  relevant.  First,  not  all  vitamin  supple- 
ments will  be  economized.  For  example, 
it  is  doubtful  whether  a manufacturer  would 
ever  feel  safe  in  mixing  a formula  without 
any  vitamin  A supplement.  Second,  the 
least -cost  mix  (not  economizing  on  vitamin 
supplements)  will  sometimes  have  vitamin 
content  from  ingredients  in  excess  of 
specifications.  For  example,  the  least-cost 
formula  reported  in  table  2 would  have  had 
an  excess  over  specifications  of  vitamins 
A,  Bi2,  and  riboflavin  and  would  have  met 
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TABLE  13.— CHANGE  IN  VITAMIN  CONTENT  OF  FOPMJLA  RESULTING  FROM  CHARGE  IN  INGREDIENTS  OR  SPECIFICATIONS 
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TABLE  14.— ILLUSTRATIVE  PROBLEM:  CHANGE  IN  FORMULA  COST  AS  GIVEN  IN  TABLE  4 AFTER  ADJUSTMENT  FOR  NET  VALUE  OF 
VITAMIN  CHANGE,  RESULTING  FROM  ALTERNATIVE  CHANGES  IN  INGREDIENTS  AND  SPECIFICATIONS 
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exactly  the  specification  for  folic  acid, 
even  if  no  supplements  had  been  added.  In 
evaluating  the  ingredients  for  substitution 
in  this  formula,  obviously  no  value  should 
be  placed  on  an  increase  in  these  four  vita- 
mins and  no  value  should  be  placed  on  their 
reduction  until  such  a reduction  brings  the 
vitamin  level  in  the  ingredients  down  to 
specification.  Thus  a more  relevant  com- 
parison than  that  developed  in  table  14,  so 
far  as  this  formula  is  concerned,  would 
have  been  one  in  which  adjustment  was 
made  for  changes  in  only  pantothenic  add, 
niacin,  and  choline. 

The  values  in  table  13  permit  the  de- 
velopment of  an  adjustment  factor  for  each 


‘‘  i 


ingredient  for  any  of  the  many  situations 
that  may  arise.  The  price  of  vitamin 
supplements  changes  infrequently;  there- 
fore, a set  of  adjustment  factors  in  value 
terms  for  a given  set  of  supplement  prices 
could  be  prepared  for  use  in  adjusting  the 
resulting  net  change  in  cost  in  table  4. 

Ignoring  the  effect  of  change  in  vitamin 
content  would  not  lead  to  serious  error  in 
choosing  between  ingredients,  except  pos- 
sibly in  the  case  of  tallow  and  condensed 
fish  solubles.  Much  of  the  vitamin  value  of 
dehydrated  alfalfa  meal  is  in  the  vitamin  A 
content.  As  noted  previously,  it  is  doubtful 
whether  vitamin  A supplement  is  subject 
to  economizing. 
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